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When considering matter effects on neutrino oscillation, it is customary to consider only the VU-exchange interaction 
of the v e with the electrons in matter. However, if new physics that distinguishes among the three generations of 
neutrinos exist, it can lead to extra matter effects via radiative corrections to the Zvv vertex which violates neutral 
current universality, or via the direct exchange of new particles between the neutrinos and the matter particles. To 
consider this possibility, we analyze neutrino oscillation in matter governed by the effective Hamiltonian fij 
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£ parametrizes the contribution of new physics. 
3 X | (i.e. E > 10 GeV for typical matter densities in the 
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where U is the MNS matrix, and a = 2EV C c = 2V2EG F N, 
The extra contribution can manifest itself when a > \Sm 
Earth) in the survival probability as fjj 
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(This expression assumes that the CP violating phase S is zero.) If sin 2 (26*23) = U then the small shift due to i 
will be invisible. However, if sin 2 (26*23) = 0-92 (the current 90% lower bound), and if i is as large as £ = 0.025 (the 
central value from CHARM 0]), then the shift in the survival probability at the first oscillation dip can be as large as 
~ 40%. If the NUMI beam at Fermilab in its high-energy mode |3j were aimed at a declination angle of 46° toward 
a Mega-ton class detector at Kamioka Q (baseline 9120 km), such a shift would be visible after just one year of data 
taking (assuming a Mega-ton fiducial volume and 100% efficiency). The absence of any shift after 5 years of data 
taking would constrain £ to ± 0.005 |l|. 

A constraint on £ at that level can potentially place strong constraints on possible new physics. For instance, the 
lower bound on the mass of a Z' which couples to B—3L T 5] will be ~ 5 TeV if we assume its coupling to be comparable 
to the SU(2)i coupling g « 0.65. In contrast, the lower bound from currently available LEP and SLD data is only 
~ 600 GeV @- Details of this analysis will be presented in Ref. Q. There, constraints on generation-non-diagonal 
leptoquarks, R-parity violating SUSY models, extended Higgs models, etc. will be discussed. 
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